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This study used data collected during 1981-82 from a 
random* sample of 1 , 960 9-year-old students from 124 elementary 
schools involved in a natyftnal assessment of educational progress in 
science* The database was used in secondary analyses which probed the 
validity of a model of educational productivity involving a set of 
nine aptitudinal, instructional, and environmental* variables which 
require optimization to increase student learning. When controlled 
for other factors, ability, motivation, class environment, hom^ 
environment, amount of television viewing (negative direction/, sex, 
and race were all found to be significantly related to achievement. 
For an attitude outcomp, the factors linked with attitudinal 
attainment were ability, motivation, class environment, and race. 
These results for 9~year-olds were compared with those emerging from 
secondary analyses of data provided by 1,950 177year~olds and 2,025 
13-year-olds participating in the same assessment. Overall, the 
findings supported the model of educational productivity and 
sugggested that science students' achievement and attitude are 
influenced jointly by a number of factors rather than one or two 
dominant ones. The study also attests to the potential value of } 
science education researchers performing secondary analyses on the 
high-quality random databases generated as part of national 
assessment s . ( Author /JN) 
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Abstract 

This study made use of data collected during 1981-82 from a random 
sample of 1.960 nine-year-old students from 124 elementary schools 
Involved 1n a national assessment of educational progress In science 
sponsored by the National Science foundation. This d a t a base was used 1n 
secondary analyses which probed the validity of a model of educational 
productivity Involving a set of nine aptltudlnal. Instructional, and 
environmental variables which require optimization to Increase student 
learning. When' contppl led for other factors/ ability, motivation, class 

* 

environment, home environment, amount of television viewing (negative 
direction), gender, and race were all found to be significantly related 
to achievement. For an attitude outcome, the factors linked with 
attltudfnal attainment were ability, motivation. c*lass environment, and 
race. These results for 9-year olds we're compared with those emerging 
from secondary analyses of data provided by 1.950 17 year old and 2,025 
13-year olds participating In the same national assessment. Overall the 
findings supported the model of educational productivity and suggested 
that science students' achievement and attitude are Influenced Jointly by 
a number of factors rather than one or two dominant ones. Also the study 
attests to the potential value of sdeRce education researrhers 
performing secondary analyses on the hlqh quality random data bases 
qenerated as part of national assessments. / 



,1 



Given the link between Scientific literacy and economic productivity, 
it Is highly desirable that the scientific literacy of American youth Is 
high But the current level 1s a matter of grave national concern 
because sdenqeand mathematics achievement scores have declined over the 
last decade or two and because thej have fallen behind those of youth 1n 
other Industrialized nations (Comber & Keeves, 1973; Husen, 1967; Jones. 
1981; Walberg, 1983; National Commission on Excellence 1n Education, 

r 

1983). Consequently, concerted efforts need to be made, first, to 
Identify through' educational research those factors which lead to ' 
Improved scientific literacy and, second, to change schools to optimize 

the factors which will enhance the science performance of students. 

/ 

The present research alms to Identify factors which are linked to the 
science achievement and attitude scores of students at several different 
age levels. In particular,' based on many comprehensive syntheses of 
prior research, a model of educational productivity 1s proposed which 
incorporates a set of factors which powerfully and consistently predict 
student outcomes. Firsts this model 1s tested with data collected from 
a laro> sample of 9 year old students Involved 1n the National Assessment 
In Science, Secondly, the results for 9- year olds are compared with 
those for 17 and 13 year old students involved 1n the same assessment . 
thirdly, implication? are drawn for Improving scientific literacy. 

f HOOU Of tUUCAHUNAl PRODUCTlVltY 

At Mir ding to Wa Iberg' -» theor/ of educational productivity, nine 
» v t or •, r f» fju 1 r »• optimization to Inrreasp student achievement of rognltlve 



and affective outcomes (Horn & Walberg. 1984; Walberg, 1981. 1983. 1984a, 
b; Walberg, Harnlsch & fsal. ^984; Walberq, Tsa1 h Harnlsch. 1984; 
Walberg & Shanahan, in press). These factors are the student aptltudlnal 
variables of (1) abl I1ty or prior achievement, (2) a^e, (3) motivation or 
self concept as Indicated by personality tests or willingness to 
persevere on learning tasks, the Instructional variables of (4) quantity 
of Instruction, (5) the quality of the Instructional experience, and 
educationally stimulating psychological aspects of the (6) home 
environment, (7) the c lass room or school environment and (8) the peer 
group environment, and (9) the mass media (especially television). This 
model recognizes the complexity of human learning but still Is 
parsimonious In Jhat It converges on the least number of factors which 
powerfully and consistently predict student outcomes. A najor strength 
of the model Is that the nine productive factors largely were Identified 
from syntheses of about 3,000 Individual studies of factors related to 
student learning (e.g., Frederick & Walberg, 1980; Graue, Helnsteln & 
Walberg, 1983; Iverson & Walberg, 1982; Uguroglu & Walberg, 1979; 
Walberg, 1984a, b; Williams, Haertel , Haertel & Walberg, 1982). 




Few prior Intensive experiments and quasi experiments are national 1n 
scope, and most analyse only one or two of the factors and sample limited 
populations within a school or community. They are often strong on 
observational technique, measurement, verification, and random assignment 
to treatments (In short, 'n^ernal valldHy), but they are often weak In 
general 1 /abl 11 ty or external validity Once they do not sample rigorously 
from Urqp, well defined populations Survey research has complementary 
strength* and weaknesses It often draws large, .stratified, random 
samples of national populations and measures more factors but sacrifices 



internal validity since the factors are usually measured 
cross sectlonally and perhaps superficially with only a few items. Also 
survey research can control statistically to some extent for multiple 
causes and can be more causally convincing than quasi -experiments 
controlled only for one or two covarlates. Consequently, the 
complementarity of Intensive and extensive studies 1s Important since 
powerful effects Should emerge consistently from either form of, research. 

As most of the available evidence was assembled from data gathered a 
decade or more ago. It was considered useful to test the generality of 
the results with more current data and to exterjd the set of variables 
Included. Thus, the purpose of the present study was to compare 
regressions of National Assessment 1r* Science data recently collected In 
1981-82 with previous regressions and syntheses of sraal ler^sca le \ 
experimental and. quasi experimental studies. 

NATIONAL ASSESSMENT IN SCIENCE 

4 

The National Assessment of Educational Progress (NAEP) was 

}' 

established In the USA In 1969 to assess periodically students' knowledge 
of various school subject areas. In science, national assessments were 
conducted by NAEP 1n 19*9 70. 197? 73, and 1976 77. But. because of 
legislative derisions and financial constraints, the/f^at lona 1 Institute 
')f Mutation postponed the next fully f ledqed NAEP science assessment 
until the late 1980s, thus causing an anticipated gap of approximately I \ 
years between successive assessments. Many science educators were 
( oncemed that, this hiatus would permit emerging problems to <jn 
unchecked. Consequently, during 1981 and 198?, the National "»< lentp 



Foundation funded a science assessment under the direction of Wayne wilch 
at the University of Minnesota to fill this void. The project Involved 
the collection of a data on many variables Including student cognitive 
and affective outfi&es and characteristics of the home, the community. . 
and the school X^ueftle, Rakow & Welch, 1983; Welch, 1985). 

This National Assessment In Science Involved a national random sample 
of approximately 18,000 students of ages 17, 13, and 9 1n about 700 
schools 1n ^he^USA. In order to minimize testing time per student, thje 
total test battery for 17- and 13-year-olds was divided Into four 
separate test booklets, each containing nearly 100 separate Items. In 
the case of 9-year-old students, there was only one booklet and this was 
responded to by all students 1n the sample. To ensure a broad sample of 
schools, an average of 16 students per school answered a particular test 
booklet. The size of the sub sample responding to any given test booklet 

# 

was approximately 2,000 students. » 

The 1981-82 assessment was In many ways different from previous MAEP 
assessments. It was funded by NSF, not HIE. It focussed on achievement 
In the sclence-technology-sodety realm and contained a large number of 
attitude Hems. Because 1t was designed to satisfy some science 
education research purposes, more Information than usual was gathered on 

i 

t 

student and school characteristics (e.g., science anxiety, class 
enrolments, parents* occupation, and computer usage). Furthermore, the 
grant was made to the University of Minnesota which subcontracted to MAEP 
for test printing, sample selection, test administration and Item 
scoring; staff at Minnesota were responsible for Item selection, writing 
background questions, data analysis, and reporting. Despite those 



difference*, however, the 1981-82 assessment contained many of the, Items 
used 1n/prev1ous assessments, thus reducing costs and permitting 
longitudinal comparisons. 

f 

Because the main purposes of this and previous large-scale 

assessments were to assess the status of scientific literacy among 

various groups and to compare this with data from past assessments, some 

of the key Information 1s the proportion of respondents answering each 

Item correctly. These proportions typically are reported for different 

.subgroups of students representing different geographic regions, genders, 

races, and types of community. Often Hern means 1n a particular area 

(e.g., physics, attitude to science) are averaged and changes between 

successive assessments are noted. For example, Rakow, Welch, and Hueftle 

(1984) report this type of data and provide the Interesting conclusion 

that, whereas 9-year-olds Increased a small amount 1n their science 

achievement over the past five years, 13-year-olds showed essentially no 

change while 17-year-olds experienced a decline. Also Welch (1985) 

j 

reports generally low attitudes at all age levels and declines 1n 
attitudes over the last five years 1n several areas among both 17- and 
13- year olds. Other examples of the use of data from the recent 
National Assessment 1n Science Include examining secondary school science 
enrolments 1n the United States (Welch, Harris, & Anderson. 1n press). 
Inequities 1n opportunities for computer usage 1n schools (Anderson, 
Welch, & Harris, 1984), and perceptions of secondary school students 
toward women In science (Welch, Rakow, & Harris, 1984). 

Because of the large number of Individual test Items answered by 
large numbers of students, the National Assessment 1n Science data 

t 
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provide an extremely useful basis for performing secondary analyses 
(Fraser & Tobln. 1985) which Inter-relate variables (often defined in 
terms of subsets of Individual Hems). In fact, as noted above, one of 
the specific purposes of the 1981-82 assessment recognized by the 
National Science Foundation was the provision of a data base for science 
education research. Some examples of secondary analyses of these daja 
already completed are Investigations of the stability of attitudes to 
science between junior and senior high school (Hofsteln & Welch, 1984) 
and the Influence of class attitudes and teacher Image on student 
outcomes (Tamlr, Welch & Rakow, 1n press). In particular, as the 
National Assessment 1n Science data Included Hems which could be 

f 

Interpreted as measures of most of the factors 1n Walberg's educational 
productivity model, the present authors conducted secondary analyses for 
the purpose of probing the validity of the productivity model. 

* 

SECONDARY ANALYSIS FOR AGE 9 

Operational! zing Variables for 9-Year-01ds 

» * 

Data from the national assessment 1n science were used to 
operational 1ze two .measures of student learning, namely achievement and 
attitude, and at least one measure of seven of the nine factors 1n the 
productivity model. Age was excluded because the sample consisted only 
of nine- year-olds and no suitable measure of peer group environmen t was 
available In the national assessment data. 



The ac hie v ement measure consisted of ?9 multiple-choice Hems 
covering science content. Inquiry skills, and science technology 



society Interactions (e.g., health, lartd use. pollution, computers). 

The re]1ab1!1ty of this measure was 0.79 (Cronbach alpha coefficient) for 

... / • 

the sample off 1 ,960 students. 



\ 

The attitude outcome measure consisted of 23 L1kert-type Items 
assessing opinions about the value of science, science careers* and the 
resoliitlon of persistent societal probl ens (e.g., food shortages, energy 
waste, disease). Items were scored^tfn a three-point scale (3 - positive 
response, 2 - neutral, 1^- negative response), thus the range of possible 
scores was 23-69. The alpha reliability of this scale was 0.69. 
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Ability was assessed with a set of five mul.t1pie-ch'o1ce Items 
measuring reasoning, classification, and mapping skills; the reliability 
of the- scale was 0.61. Motivation was measured with 21 Items abdut 
student Involvement In science related activities (e.g., working with 
magnets, seeds, microscopes, thermometers, batteries!; scale reliability 



was 0.71 . 



< 0 



An Indication of the quality of Instruction was obtained by dividing 
- i . 

the science teaching budget (as reported by the school principal) by the 

number of students 1n the school. Quantity of Instruction was assessed 
by two variables, namely, the average number of hours of science taught 
each week In grades three and four and the number of hours per day spent 
on homework . 

Class environment was measured by five Items asking students how they 
felt during science classes (e.g., "happy-, "Interested'); the alpha 
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reliability of the scale was 0.60. An Indication of home environment was 
obtained 1n terms of the higher of either parent's education (using a 
6-po1nt scale ranging from "did not complete eighth grade" to "graduated 
from college"). The mass media environment was assessed In terms of the 
number of hours of television watched during the previous day. 

In addition- to the above factors In the productivity model, the 
present study Involved the two extra variables of gender and race because 
\ they have been found to (be. good predictors of science learning, 1n other 

studies. If the extra variables of gender and race prove to be 1 

a 

significant Independent predictors, this would suggest an omission In the 
original productivity model. 

. /' - - • 

~ Appendix A contains more detailed Information about the definitions 
r * of all the variable Included In the* study. Table I summarizes the means 

»' and standard deviations obtained for each learning outcome measure and 

r 
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productivity factor for the sample of* 9-year-olds. 



Insert Table I here 



As can be seen from the above descriptions. Indexes for several of • 
the productivity factors are coarse. Incomplete, and have limited 
reliability. This Is a common, problem facing the secondary analyst - 
factors must be operational 1 zed from the available data. However, use of 
crude Indicators for some of the factor* would tend to lead to an 
underestimate of the magnitude of their associations with learning, it 
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Is likely; therefore, that studies Involving better measures, of the 
hypothesized factors would yield even stronger relationships than those 
found 1n thts study. » r 

' J ' • 

Description of 9-Year-Old Sampl e 

^T" 

A stratified random sampling process was used to select the 1,960 
nine-year-olds Involved 1n the national assessment 1n science. The 
multi-staged selection process ensured proportional representation by 
region of the USA (namely. Northeast, Southeast, Central, 'and West) and ■ 
size of community (ranging from large cities with more than 200,000 
population to extreme rural areas of less than 10,000). Students were 
selected at random from the 124 randomly selected schools. Approximately 

» 

16 students 1n each school were tested under uniform" testing conditions. 
Students were given test booklets with one exercise per page and a paced 
audio tape was used^to speak the Hems aloud and provide a uniform time 
for answering. 

■ • 

i Approximately two-thirds of the nine-year-olds were 1n the fourth ' 
grade at the time of testing, while one-third were 1n the third grade. 
About 80 per cent of the sample was white, with about equal numbers of 
boys and girls. » v 

The response rate among the students Initially selected for testing 
was 91 per cent. National assessment samples are among the most 
chosen available to researchers, and test administration 
fs are excellent. Research findings for the present sample. 
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therefore, should be general Izable with confidence to the population of 
nlne-yeaV-olds 1n the USA. 
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Analyses and Results for Age 9 



Intfercorrelatlons anong the two dependent variables and the 10 

« * 

predictor variables are shown In Table I together with means and standard 

i 

deviations. The correlation of 0.45 between the outcome measures, 

r ■ , « 

achievement and attitude, 1s considerably higher than values reported 1n 

v.- 

recent meta-analyses.' W1 11 son (1983) reported a mean value of O.fa for 
the 48 studies, of elementary children he analysed, while Ha lady na and 
Shaughnessy (1982) reported a median correlation of 0.15. Our higher 
valttfflSfev- probably due to the similarity of focus N on soc1o-sc1ent1f 1c 



t6p 




n the attitude and achievement measures we used. 



The student .aptitude 1nd1ca\ors of ability and motivation also were 
'moderately related, to achievement (with correlations of 0.48 and 0.25, 
respectively) ,* as was race (correlation of 0.31). The correlations, of 
achievement with quality and quantity of Instruction were essentially 
zero, while the environmental factors bore moderate positive 
relationships to achievement, except for television viewing which was 1n 
the expected negative direction (Williams, Haertel , Haertel, & Ualberg, 
1482*. 



The hlgheVt simple correlations with attitude toward science were for 
class environment (0.36), motivation (0.31), and ability (0.23). As with 
achievement, the Instructional factors had negligible correlations. 
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A multiple regression analysis was used for the achievement and 
attitude outcomes to examine simultaneously the effect of the full set of 
productivity factors. Because of colUnearlty among predictors, these 
multiple regression analyses pVovlded the advantage of a multivariate 
test of the Joint Influence of the set of all factors on an outcome and • 

♦ * 

an estimate of the effect of each Individual factor when all 'other 
factors are held constant. Raw regression weights and their associated t 

ratios are reported In Table II for "full" and "reduced" models. A 

V 

"backwards elimination" method was used to generate the reduced model by 

* ' 

dropping nonsignificant predictors successively until all variables 

rema1n1ng^had. regression weights significantly different from zero. 

• « 

Raw regression weights are reported because they Indicate the change 
1n the number of points on an outcome measure associated with a one-unit 

« 

Increment In each predictor variable when the remaining variables are 
held constant. For example. Table II shows that an Increase of one point, 
on the ability scale Is associated with an Increase, of 1.43 points In 
achievement, while a decrease of one hour of television ewlng Is 
associated with a. 0.13 point Increase In achievement. 



Insert Table II about here 



for binary variables coded 0 and 1 , regression weights can be 

* ! 

interpreted directly as group differences. For Instance, on achievement, 
boys scored 0.74 points higher than girls and whites scored 2.56 points 
higher than non-whites when all other factors were controlled. -Thus, the 
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average white wale scored. 30 points (about two-\h|rds af a standard 
deviation) higher than non-white females. (Standardized beta weights for 
each factor can be calculated using ithe standard deviations provided 1n 
Table II by multiplying the raw regression weights by the ratio of the 
standard deviation of the predlcto.r variable to that of the outcome 
measure) . 

" ,fhe multiple correlation for the full set of predictors was 0.57 for 
achievement and 0.50 for attitude. The number of significant Independent 
predictors was seven for the cognitive outcome and four for the affective 
outcome. When controlled for all other variables, ability, motivation, 
class environment, home environment, amount of television viewing 
(negative direction), gender, and rate were all significantly related to 
achievement. The variables related to attitude, when controlled for 
other variables, were ability. mov1t1vat1on. class environment, and race. 

It Is -Interesting to note that, among nine-year-olds, quantity and 
quality of schooling factors are not Important predictors of science 
learning. Rather It 1s the Individual and environmental characteristics 
that are most highly related. This may not be too surprising given that 
these students have only been 1n school three or four years and, 
furthermore, little science Is taught 1n the primary grades (Weiss, 
1978). The emphasis on reading and arithmetic seems to crowd science out 
of the curriculum at this age level. The national assessment 1n science 
revealed that students 1n Grades K-2 on average spent only 64 minutes per 
week on science related activities as reported by school administrators. 
The sample of nine-year olds used In this paper had a mean of 86 minutes 
'(1.43 hours) of* science per week (see Table I). 



Variation In student cognitive achievement at this age level appears 
largely a function of student aptitudes (ability, motivation), the 
Influence of the class, home, and mass media environment, and the two 
additional variable of gender and. sex (see Table II). Although It 1s 
somewhat disappointing to find that Instructional quality or quantity 
bore such weak relationships to achievement, several of the significant 
predictors of achievement are alterable. In particular, motivation, 
class environment, and television watching habits .could be changed. It 

* 

appears that cognitive learning could be enhanced through attempts to 
Improve student motivation (Indexed by Involvement 1n science related 
activities such as visiting zoos or museums), to create a more'pos1t1ve 
classroom environment, and to encourage students to watch less 
te1fv1s1o<ij£~thang1ng each of these factors by one unit would be 
associated «th an In^rease'of 2.52 points 1n achievement, which 1s mo/e 
than one^fatf a standard deviation. Put another way, an Increase if 0.5 
standard deviations would place a student originally at the 50th 
percentile^ at the 69th percentile. 

Attitude toward science 1s related to ability, motivation, class 
environment, and race when other factors are constant. Motivation and 
classroom environment are school-alterable factors to some extent, and. 

§ 

unit Increases In each would be associated with a gain 1n attitude of 
4.98 points (about four-fifths of a standard deviation). 

i 

This study suggests that race and gender need to be Included In a 
model of educational productivity, at least for science learning among 
elementary school students. Both were significant Independent predictors 
Of achievement and race was a predictor of attitude 1rl the present 
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research. Although these factors are not alterable, the results support 
the claim that special programs may be needed to overcome the 
differential science achievement that starts appearing among* -girls and 

* s 

non-whites' as early as the third grade. 



The present findings suggest that, 'In the early grades, the Impact of 
schooling lags behind the Influence of aptltudlnjl and environmental 
factors. Among nine-year-olds, the Influence of quality and quantity of 

Instruction's virtually zero. It seems that students must be In school 

. »*."« 

for several yea rf before It Is possible to detect the Impact of schooling 

* • * 

on science learning. To some, this finding might be construed as a . ... 

/ 

failure of our primary science programs. We prefer to view It as an 
opportunity. If society deems It Important to deve}6p science learning 

* ■ ■ 

In the. early years of schooling, there Is room for this to occur. 

SECONDARY ANALYSES FOR 17- AMD 1 3-V EAR-OLDS 
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Whereas the previous section reported the results of a test of the 

model of educational productivity among the 9-year-olds Involved In the 

\ 

National Assessment In Science, the purpose of this section Is to compare 
the findings for 9-year-olds with the results of analogous secondary 

» 

analyses performed on data obtained from 17- and 13-year-old students 

Involved In the same national assessment. As with the 9-year-old sample, 

the first ste]T In the secondary analyses of data for 17- and 13-year-olds 

Involved using the data base to operatlonallze two measures of student 

outcomes and at least one measure, of seven of the nine productive factors 

In Walberg's model.. Appendix B provides detailed descriptions and 

v. 

operational definitions of each' of the variables Involved qt these two 
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age levA. Operational 1zat1 on of several of, these factors was guided 
by Rakow's (1984) definitions of variables 1n a study of Inquiry skill 
knowledge among the 17-year-old sample Involved 1n the National 
Assessment 1n Science. Table 'ill provides descriptive Information for 
each variable for the two age groups Including the number of Items, the 
alpha reliability (where .appl Icable) , the mean, and the standard 
deviation. 



Insert Table III about here 



The cognitive achievement measure consisted of 49 multiple-choice 
Items covering content topics. Inquiry skills, and understanding of 
societal Issues (alpha reliability - 0.87 for 17-year-olds and 0.80 for 
13-yeajr-olds) . The science attitude measure consisted of 19 L1kert-type 
Items with; five response alternatives assessing opinions about the value 
of/hlence and willingness to solve societal problems (alpha reliability 
O.p for 17-year-olds and 0.68 for 1 3-yearolds) . 

Ability was assessed with a self-report Item asking about students' 
previous ^gra'des 1n schoof. Age was excluded because each of the samples, 
consisted of students all of \he same age (namely, either 17 or 13 years) 
and therefore age exhibited limited variability. Motivation was assessed 
with 8 1tems^ask1ng about the frequency of voluntary participation In 
science-related activities (alpha reliability =» 0.82 for 17-year-olds and 
0.78 for 13-year olds). 
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Quality of Instruction was assessed by two different variables. 
First, the average science teaching budget per pupil (as reported by the 
school principal) was used. Second, students' attitudes toward 1£e1r 
science teacher were assessed by 5 Llkert -type Items with and alpha 
reliability of 0.72 for 17-year-olds and 0.66 for 13-year-olds. The 
quantity of Instruction also was assessed by two variables, namely, the 
amount of science and the average number of hours of homework per day. 
The amount of science was defined -for 17-year-olds In terms of the total 
number of semesters of different science courses taken In Grades 9-12, 

t 

and for 13-year-olds In terms of whether the student took 0, 1, or 2 
science courses oyer a two-year period. 

The class environment was measured by 6 Items asking' students how 
they felt during science classes (alpha reliability - 0.78 for 
17-year-olds and 0.68 for 13-year-olds) . Home environment was assessed 
In terms of the higher of the ratings for father's and mother's education 
coded on a scale of 1 to 6. The Hems Included In the National 
Assessment 1n Science did not permit the peer group environment to be 
assessed at any age level. As with the 9-year-old sample, the mass media 
environment was assessed In terms of the number of hours of television 
watched during {he previous day, and the two extra , variable of gender and 

race were Included. 

♦ ■ 
« 

The multiple-choice achievement measures used In th^s 'study are not 
without controversy. For example, they emphasl zt recognition more than 
recall of the best answer, and students who actfieve hlgb scores ori such 



tests 'are not necessarily abje to appiy their knowledge Tn the real i^prld 
or to create^new knowledge. Nonetheless, sucl tests provide at .least a 



19 

broad*, reliable sample of what students know and, without such basic 
knowledge or literacy, students cannot be expected to reach high thought 
levels. As well, testing authorities generally agree that objective 
tests can be used to assess^ Important understanding and critical thinking 
capacities. 

f 

The sample of 17- and 13-year olds, like the sample of 9-year-olds 
previously described, was drawn using a stratified, two-stage probability 
design. The sample provided probabilities proportional to size to 
represent all regions and community sizes. Over sampling of low-Income 
and rural areas ensured adequate representation of these groups. In the 
second stage of sampling, 125 schools were -randomly chosett with 
probabilities proportional to the size. of the school. Finally, random 

samples of about 16 students were selected .from each of these schools. 

*> 

In an attempt to ensure uniformity of testing conditions, again test 
administrators visited each school to give the Instruments using a' timed 
and paced audiotape. „ 
r 

The total sample Included approximately 8,000 17-year-olds In about 

300 schools (with approximately 2,000 of these students responding to 

) 

each of the four separate test booklets used as part of a matrix sampling 
plan) and approximately 8,000 13*-year-olds In about 300 schools (again . 

• * * 

with approximately 2,000 students responding to each of four different 
test booklets). For the ourposes of testing the educational productivity 
model In the present study, a choice was made fro* the four separate test 

booklets answered by 17- and 13-year-1)ids of the one which contained the 

♦ -> * 

most' appropriate Items for assessing the variables Included In the 

4 

product 1v1ty*model . In fact. Booklet 21 was uspd with both of those age 

< • " s 

'>/)'. 
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groups. The exact sample sizes for the analyses reported below are 1,955 
17-year-olds and 2,025 13-year-olds. 

COMPARISON OF RESULTS FOR A6ES 17. 13. AND 9 

Table IV compares the results obtained for 17-, 13- and 9-year-olti 
students when the effect of each productivity factor on student 
achievement' and, attitude was Investigated using multiple regression 
analyses 1n wh\ch the whole set of predictors was regressed on 

* * 

achievement .or attitude. * The information reported for each productive 
factor Is the raw regression weight, b, together with significance level 
from of a t test of ^whether the magnitude of the regression weight Is r 
greater than zero, y The bottom of Table IV all so shows that the multiple 
correlations for tne whole of a set of predictor variables ranged from 
0.50 to 0 59 forrdTf ferent age groups for different outcomes. 



t 



Insert Table IV about bere 

v 



In Interpreting consistency across age groups of the multiple 
regression results In Table IV, It should be remembered that certain 
differences exist between the three age levels In the definition of s 
of the variables. The results for 17-year-olds In Table IV show that,- of 
the 11 predictors of science achievement, all 11 were^found to have 



1 
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statistically significant regression weights. In the case of 

13-year-olcls, 10 of these predictors (with the exception being attitude 

» 

to the teacher) again were significant Independent predictors of 
achievement. Of the 10 predictors of 9-year-olds' achievement. Table IV 
shows that 7 were significant when other Independent variable were held 
fixed. Overall, then, there 1s quite high consistency of achievement 
results across the three different age groups since statistically 
significant regression weights were found for all three age groups for as 
many as seven of the productivity factors, namely, ability, motivation, 
class environment, home environment, television viewing, gender, and race. 

For the science attitude results reported 1n Table IV, again there 1s 

good consistency across the three age groups. In fact, there are four 

variables which proved to be significant Independent predictors at .all, 

age levels; these are ability, motivation, attitude to the teacher (which 

was measured at ages 17 and 13 only), and class environment. As well, 

there are three other Independent variables which were found consistently 

to be nonsignificant Independent predictors at each of the three ages; 

these are science teaching budget, amount of science, and -gender, for 

the remaining four productivity factors, significant relationships 

emerged at one or two age levels, but not at all three. In particular, 

amount of homework was a significant Independent predictor of attitudes 

for 17«- and 13-year-olds only; the home environment was a significant 
f 

Independent predictor for 17-year-olds only; amount of television viewing 
was a significant predictor (1n the negative direction) at age 13 onjy; 
and race was significantly associated with attitude to science only 
antoung the 9-year-old sample. 
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In the paragraphs below, the results for each Individual productivity 
factor are dlsdussed In turn. f 

Ability. A$ expected, ability 1s among the strongest and more 
consistent predictors of both science achievement and attitude. In fact, 
when all other factors were held constant, ability was found to be 

t 

significantly related to both achievement and attitude for the 17-, 13-f 
and 9-year-old samples. £ 

Motivation.- Slmllary, as would be anticipated from review? of the 
effects of motivation and achievement (Uguroglu & Walberg, 1979), 
motivation also was found to be a significant Independent predictor of 
both achievement and attitude at all three age levels. 

* 

Quality of Instruction. The first measure of quality of Instruction, 
\ ■ 
namely, science teaching budget, turned out to be a relatively weak 

predictor of student outcomes when other variables were held constant. 

Science teaching budget was found to be a significant Independent 

predictor of achievement (p<0.05) for 17- and 13-year-olds, but not for 

9-year-olds. Also teaching budget was not significantly related to 

attitude scores at any age level. The regression weights for achievement 

suggest that ,* with other factors fixed, an Increase of $1 per pupil In 

the science teaching budget Is associated with an Increase In achievement 

of only 0.06 points for 17-year olds and 0.04 points for 13-year-olds. 

The second variable assessing quality of Instruction, namely, student 

attitude to the teacher, was a significant Independent predictor of 



23 

achievement among 17-year-olds and a significant Independent predictor of. 
attitudes among both 17- and 13-year-olds (and attitude to teacher was 
not measured among 9-year-olds). 

Some ciution needs to be exercised .in Interpreting these f lading for 
Instructional quality, however/ because the present study's two measures 
of quality (namely, silence teaching budget and attitude, to teacher) are 
not Ideal Indicators of quality of Instruction. Consequently* the use of 
other Indicators of Instructional quality afid variation - such as those 
Identified as reasonably strong correlates of achievement In Walberg's 
(1984a) study - coulcf^provlde stronger links* 1 between Instructional 
quality and student" achievement . 

Quantity of Instruction . It Is salient that either or both of the 
variables measuring quantity of Instruction - namely, the amount of , 
science studied at school and the amount of homework - turned out to be 
significant Independent predictors of outcomes among 17- and 
13-year-olds, but not among 9-year-oJds. In fact, amount of science was 
a significant independent predictor of science achievement and the amount 
of homework was a significant Independent predictor of both science 
achievement and attitudes among 17- and 13-year-olds. 

The simple correlation (not reported 1n this paper) between science 
achievement and the number of semesters of science taken by students In 
the 17-year-old sample was found to be 0.31. This Is comparable to the 
correlation of 0.38 between achievement and Instructional time in 
Frederick's synthesis (Frederick, 1980; Frederick & Walberg, 1980), 
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although 1t 1s considerably lower than the correlation of 0.73 between 
mathematics achievement and the number of semesters of mathematics 
Instruction found among a sample of 17-year-olds Involved In the 1977-78 
NAEP assessment 1n mathematics (Welch, Anderson, & Harris, 1982). In the 
present study, an Increase among 17-year-olds of one semester 1n the 
amount of science taken was associated *»1th- an Increase of only 0.57 of a 

other /actors were field 
constant. One possible explanation for the low correlation between 
quantity of Instruction and science achievement, relative to that for» 
mathematics achievement, 1s that there are more opportunities for 
learning science out of school than for mathematics (e.g., through zoos, 
museums, television, and magazines). On the other hand, amount of 
homework was a strong Independent predictor for 17-year-olds so that an 
Increase of one hour of homework per night was associated with an 
Increase j>f over three points (over one-third of a standard deviation) on 
the science achievement measure and of over four points (about half of a 
standard deviation) 1n science attitude scores. (In other words, a 
17-year-old student at the 50th percentile on achievement could Improve 
to the 65th percentile through Increasing homework by one hour per 
night.). Furthermore, the results for 13-year-olds' homework 1n Table IV 
are reasonably comparable 1n terms of numbers of standard deviations with 
the results for the 17-year-old sample. 

# 

« 

Class environmen t. It 1s noteworthy that the nature of the classroom 
psychosocial environment emerged as a significant predictor of both 
science achievement and attitudes to science at all three age levels when 
other factors were held constant. These findings replicate Individual 
studies of the effects of classroom environment on science achievement 
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and attitude (Fraser & Fisher, 1982), and are consistent with Haertel, 
walberg, and Haertel's (1981) meta-analysis and Fraser's (1985) recent 
comprehensive review. 

Howe environment . Table IV shows that home environment was 

f 

significantly related to science achievement at all three age levels when 
other factors were fixed. On the other hand. Table IV shows that home 

« 

environment was a significant Independent predictor of science attitude 
for the 17-year-old sample only. The simple correlations between home 
environment and cognitive achievement (not reported here) were somewhat, 
weaker than 1n some past research, possibly due to the fact that home 
environment was assessed 1n terms of parental education and not directly 
In terms of measures of Intellectual stimulation by adults 1n the home 
which have been found to correlate 0.37 on average with achievement 
(Graue, We1nste1n & Walberg, 19Q3; Iverson & walberg, 1982). 

Television viewing . The results 1n Tables IV suggest that the amount 

of television viewing was significantly and negatively related to science 

« 

achievement at all three age levels and to science attitude among 
13-year-olds when other predictors were held constant. The negative 
relationship between science achievement and amount of television viewing 
at different ages 1s generally consistent with the negative correlation 
found at different age levels 1n a variety of content areas In* a 
meta-analysis of 274 correlations from 23 studies, surveys, or reviews 
(Williams, Haertel, Haertel & Walberg, 1982). It 1s Interesting to note 
from this meta-analysis, however, that the negative relationship between 
television viewing and achievement was stronger for boys than girls and 
was evident only 1n the range between 2 and 8 hours per day (so that a 
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4 # 

deleterious effect was not evident under 2 hours per day and 1 Increasing 

viewing beyond 8 hours had no additional negative effect). The beta 

weights 1n Table IV suggest that- a one-hour decrease* 1n television 

viewing per day 1s associated with an Increase on the achievement test of 

# 

0.16 points for 17-year-olds, 0.09 for 13-year-olds, and 0.10 for 
9-year-olds. . «* 



Gender . Prior research generally has repealed gender differences 1n 
both science achlevenent and science attttyg£, with boys scoring higher 
than girls on both criteria (Gardner, 19 74 peeves, 1973). The results 

of the present research 1n* Table IV Indicate that these gender 

... « 
differences were replicated for science achievement at each of the three 

age levels. However, gender differences 1n science attitudes .did not 

emerge at "any of the age levels as significant predictors when other 

factors were controlled (see Table IV). Because gender 1s a binary*" 

variable coded 1 (male) and 0 ( female) / regression weights can be 

a 

Interpreted directly as group differences. Table IV shows that, on the 
science achievement. test, boys outscored girls by 2,30 points at age 17, 
by 1.56 points at age 13, and by 0.74 points at age 9. 

t 

Race . Table IV shows that race was a significant Independent 

predictor of science achievement for all these age groups, but was 

"A 

significantly related to science attitude only among 9-year-olds. The 
Interpretation of these results for the binary coded race variable 1s 
that the science achievement of whites was superior to that of no n -whites 
by 4.88 points (oven half a standard deviation) among 17-year-olds, by 
4.13 points (almost two-thirds of a standard deviation) among \ 
13-year olds, and by ,2.60 points (over half a standard deviation) among 
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9-year-olds. On the attitude criterion, significant differences emerged 
only among 9-year-olds; 'whites scored 1.96 points (almost a third of a 
standard deviation) higher than non-whites. 

CONCLUSION; AMD DISCUSSION • v 

' i ' ' % ) 

♦ 

The results for the three age groups* show that a number of factors, 
previously revealed to be consistent Correlates of achievement In 
syntheses of small-scale blvarlate research, were found also to be 
significant predictors of science students' achievement and attitude when 
mutually controlled for each other In a large national survey, this 
suggests that national achievement and attitudes are Jointly Influenced 
' by a number of factors rather than by a single dominant one. The 

secondary analyses reported 1n thls^pdper generally support the validity 
of Walberg's model of educational productivity, which Involves nine 
factors which predict student learning. In the present research whlclj 
Involved at least v^ne measure of seven of these productivity factors - 
namely, ability, motivation, quality of Instruction, quantity of 
Instruction, class environment, home environment, and- the mass media 
environment - 1t 1s noteworthy that each of the seven factors emerjeiKa? 
a statistically significant predictor of both science ach1evement_jnd 
science attitude at one or wbre of the three age levels when other 
factors were held constant. Among these seven factors, ability, 
motivation, and class environment were the most consistent predictors of 
student outcomes as they were* significant Independent predictors of both 
\ science achievement and attitudes at all three age levels. However, that 
the two variables of gender and race also emerged as significantly 
related to cognitive achievement at all age levels, as well as race being 
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a predictor of attitude among 9-year-olds when all other factors were 
held fixed. These findings, 1f replicated 1n other studies, would 
suggest that the two 7 variables of gender and race omitted from the 
original productivity model could be Included 1n the model to Improve the 
prediction of achievement In the area of science. 

The present research has Identified four relatively unalterable 

* 

factors - namely, ability, hone environment, gender, and race - which are 

r 

significant Independent predictors of science achievement/ and attitude at 
one or more of the three age levels. Still, five relatively 
school -alterable factors were significant Independent predictors of 
science achievement and attitudes among at 'least one^age group. These 
alterable factors are motivation, quality of Instruction (Indexed by 
science teaching budget per pupil and/or attitude to the teacher), 
quantity of Instruction (assessed 1n terms of amount of science and/or * 
amount of time devoted to homework), the class environment, and the 

« 

amount of television viewing (negative relationship). It 1s encouraging 
to find that the present results suggest that there are numerous 
school-alterable factors which teachers can work on 1f they wish t© 
Improve the achievements and attitudes of their science students. 

This paper attesfe to the potential usefulness of secondary analyses 
of data from large-scale assessments (Boruch, 1978^, Bowerlng, 1984; 
Fraser & Tobln 1985). Clearly, there were Important advantages In using 
the National Assessment 1n Science data base In the present study when 
compared with collecting primary data to Investigate the same questions. 
These Include the reduction 1n response burden on students and schools, 
the low cost of data, the quality of the large, national, random sample, 

2U 
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and* the possibility of future replications. (The data tape for the 

National Assessment In Science Is readily available together with 

documentation at a cost of*$125L)- But also there are potential 

» 

disadvantages facing secondary analysts of large-scale databases. These 
Include imitations Imposed by the quality of the primary data the 
problem that the data base may not contain good measures of the variables 
of Interest, an* difficulties In understanding and us1ng^he> data because 
of Its complexity or Inadequate documentation. Fortunately, however, 

♦ 

many of these potential problems have been overcome with the National" . 
Assessment In Science data because of thorough documentation, careful 
sampling and test administration, and use of a , variety of quality checks 
at every stage of assessment and analysis. 

The findings emerging from the present analyses refute several claims 
made In relation to school learning and assumptions made In educational 
research. First, although much prior research has been blvarlate In 
nature, this study, clearly Illustrates that no single factor alone can 
produce marked Increasesjtfi learning. Improving all the productive 
factors using scarce resources, Including human time and effort, as 

♦ 

efficiently as possible would seem a more advisable policy than Improving 
only one. Second, the results are at variance with another commonly held 
view that school learning Is too complex to.be understood In terms of a 
relatively small number of underlying factors. The third notion 
dispelled by the present findings 1s that the only Important factors In 
predicting student outcomes are those that cannot be altered by teachers 
or the school. 

s 
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t ' APPENDIX A 

Descriptions and Operational Definitions of Variables 

For Age 9 

Achievement Out cone 

♦ 

29 multiple-choke Items covering science content topics (e.g., 
evaporation, speed, light, germs). Inquiry skills (including 
Interpretation of data and tables, experimentation, use of controls), and 
an appreciation and understanding of societal Issues (Including health, 
nutrition, first' aid, persistent worltf problems, use of computers). 
Maximum .score « 29. Alpha reliability - 0.79. 



Attitude Outcome 



<9 

23 Ukert-type Items assessing students' opinions about the 
usefulness and value t£ science, attitudes toward science careers, and 
willingness to solve social problems (e.g., by using less electricity and 
heating). Each Hern 1s responded to on a three-point scale. Most Hems 
are scored: 

1 - No 

2 * I don't know 

3 . Yes 

Some Items are scored 1n the reverse manner. Jange - 23-69. Alpha 
reliability - 0.69. 

V 

Ability 

5 multiple-choice Items assessing classification and mapping 
abilities. Alpha reliability - 0.61. 
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Wot 1 vat 1 on 

Mean of 21 Items assessing whether students have ever been Involved 
In a variety of science-related activities and experiments (e.g., working 
with magnets, seeds, microscopes, thermometers, batteries). 
Range » 21-63. Alpha reliability > 0.71. Each Item 1s scored: 

1 * No 

2-1 don't know 
3 - "Yes 

Science Teaching Budget * 

Science teaching budget 1n dollars per student obtained from a 
principal's questionnaire requesting Information on the school *s .total 
1nstruct1onal| budget, the percentage devoted to science, and the number ' 
of students 1n the school. 

•■ ■ / 

i 

Hours of Science 

— - - m *i 

An Item on the principal's questionnaire requesting Information on 
the number of hours per week, averaged across Grades 3 and 4* for which 
science Is taught. Coded as: 



i 



0 » Less than 0.5 hours per week 

1 = 0.5-1.5 hours per week 

2 1.5-2.5 hours per week 

3 => More than 2.5 hours per week 



Homewofk <■ 

An Hern asking students to Indicate the average amount of time per 

day spent on homework (all school subjects). Coded as: 

0 = None x ^ 

1 * Less than 1 hour per day 

• i. 2 = Between 1 and 2 hours per day 
3 * More than 2 hours per day 



7 



ERIC C 



32 



Class Environment t 

The mean of 5 Items asking students 1f science classes usually made 
them feel "happy", "Interested", "domy (reverse scoring), "excited", and 
"successful". Alpha reliability - 0:,6Q, Except for the items with 
reverse scoring, coding Is: ■ 

1 - No 

2 * I don't know 

3 « Yes 



Home Environment 

The higher of the ratings for father's and mother's, education coded 



as: 



1 » Did not complete 8th grade 

2 - Completed 8th grade, but did not go to high school 

3 - went to high school, but did not graduate from high school 
I 4' • Graduated ftom high school 

5* * Some education after graduation from high school 

6 - Graduated from college 



Television Viewing 

An Item asking students how many hours of TV they watched during the 

previous day. *Coded as: 



% 
1 
2 
3 
4 
5 
6 



watched 1 hour or less 

2 hours 

3 hours 

4 hours 

5 hours 

6 hours or more 



Gender 



Coded as 



1 
0 



Male 
Female 



1 
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Race j 

Student -reported racial background with blacks, native Americans, 

* 4 

hlspanlcs and aslans Included 1n the non-white category. Where « 
Inconsistencies existed 1n the student responses to two questions about 
race, responses were recorded another* and Included 1n the non -white 

« 

category. Coded as: 

1 » White ♦ 

0 - Non-white , % 
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APPENOIX B 



Descriptions and Operational Definitions of Variables 
» 

for Ages 13 and 17 



A chievement Outc 



49 multiple-choice Items covering science content topics (e.g. , ^nergy, 
life, changing- aspects of the earth). Inquiry skills (Including 
experimentation, data Interpretation, measurement, problem definition, 
and solution), understanding of the role of theories 1n science, and an 
appreciation and understanding of societal Issues (Including health. 



and'll 



resource management, nutrition, safety, and Jthe costs and benefits 
associated with applied science and technology). Maximum score ■ 49. 
Alpha reliability « 0.87 for 17 T year-olds and 0.80 for 13-year-olds. J 



Attitude 0utc< 

/ 

19 Llkert-type Hems assessing students' opinions about the usefulness 

and value of science and willingness to solve social problems (e.g., by 

turning off lights when they are no longer needed). Alpha reliability • 

0.72 for 17-year-olds and 0.68 for 13-year-olds. Each Item 1s responded 

to on a f 1ve-po1nt scale. Some Items are scored 1n the opposite 

direction. Maximum score * 95. Except for Hems with reverse^polarlty. 

Hems are coded as: 

5 = Always or Strongly agree or Definitely yes 

4 - Often or Agree or Probably yes 

3 = Sometimes or No opinion or No response 

2 m Seldom or Disagree or Probably not 

1 = Never or Strongly disagree or Definitely not 
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Ability . 

A self-report Hen asking students to describe grades In school so far 
coded as: \ 

( 



8 


a 


Mostly A 






7 


a 


About half A and 


half 


B 


6 


a 


Mostly B 






5 


s 


About half B and 


half 


C 


4 




Mostly C 






3 


a 


About half C and 


half 


D 


2 


a 


Mostly 0 






1 


a 


Mostly below 0 







Motivation , w 

The mean of, 8 Items asking how often science-related activities (e.g., 
reading science articles 1a^ magazines, watching science shows on TV, 
going to hear people give talks on science) have been done when not 
required for science classes. Alpha reliability - 0.82 for 17-year-olds 
and 0.78 for 13-year-olds. Coded as: 
5 - OfteihT 

4 * Sometimes v _ 
3 =» No opinion or No response 
2 » Seldom 
1 * Never 

. Science Teaching Budget 
Science teaching budget In dollars per student obtained from a 
principal's questionnaire reporting the school's total Instructional 
budget, the percentage devoted to science, and the number of students In 
the school . 
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Attitude to Teacher 

The mean of 5 Llkert-type Items requesting students' opinion about their. 

present or most recent science teacher. The Items ask whether the 

teacher "really likes science?, "wants students to point out 

mistakes...", "makes science exciting", "Is enthusiastic", and "Is 

willing to share opinions..." Alpha reliability - 0.72 for 17-year-olds 

and 0.66 for 13-year-olds. Coded as: 

5 a strongly agree 

4 » Agree 

3 * No opinion 

' 2 * Disagree . 

1 » Strongly disagree * 

9-year olds . This variable was not assessed with the 9-year-old sample. 



Quantity of Science Instruction 

17-year-olds . An item requesting students to Indicate for how many 
semesters (2, 1 or less than 1) they had studied each specific science 
course (general science, life science, biology, health, environmental 
science, chemistry, physical science, physics, earth science, geology, 
other) In the 9th, 10th, 11th, and 12th grades. This variable is defined 1 
as the sum of the number of semesters of each type of science course. 
Range is 0-8. 

13-year-alds . Based on two Items asking students if they are taking a 
science course currently -and whether they were taking one at the same 
time during the previous year. Coded as: 

0 ^ Taking a science course In neither years 

1 » Taking a science course 1n arte of the years 

2 » Taking a science course 1n both years 
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Homework 

An Item asking students to Indicate the average amount of time per day 
spent on homework (all school subjects). Coded as: 

0 * None 

1 » tess than 1 hour per day 

2 = Between 1 and 2 hours per day 

3 * More than 2 hours per day 



Class Environment 

The mean of 6 Items asking students If science classes made them feel 
"uncomfortable" (reverse scoring), "curious", "stupid" (reverse scoring), 
"confident", "successful", and "unhappy" (reverse scoring). Alpha 
reliability * 0.78 for 17-year-olds and 0.68 for 13-year-olds. 'Except 
for -Items with reverse scoring, coding Is: 

1 = Never 

2 - Seldom 

3 a Sometimes 

4 « Often 

5 = Ajwfiys 



Home Environment 

- — 1 - - — — * 

The higher of the ratings for father's and mother's education coded as: 

V 

1 = Did not complete 8th grade 

2 » Completed 8th grade, but did not go to high school 

3 = Went to high school, but did not graduate from high school 

4 ■ Graduated from high school m 

5 » Some education after graduation from high 'school 

6 * Graduated from college 



Television Viewing 
An Item asking students how many hours of TV they watched during the 
previous day. Coded as: 
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1 - Watched 1 hour or less 

2 • 2 hours 
3*3 hours 
4 3 4 hours 
5*5 hours 

6*6 hours or more ( 



Gender 
Coded as: 



1 - Male 
0 * Female 



Race 



Racial background with blacks, native Americans, hlspanlcs and aslans 
Included In the non-white category. Coded as: 



1 - White fc 
0 . Non-wnlte 



V 



t 
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TABLE II 



Raw Regression Weights and t Ratios for Full and 

Productivity Factors (N-l ,960) 


Reduced Model of 


Productivity 'Factor 

t' 


i 

Stat- 

IStlC 


Achievement 
Full Reduced 


Attitude 
Full Reduced 


Ability 


b 


1 .44 


1 .43 


0.69 


0.70 


t 


21.04* 


21.07* . 


7 .63* 


7.89* 


Motivation 


b 


2.22 


2.19 


4.08 


4.16 J 


• 


t 


7.72* 


7.63* . 


10.73* 


11.04* ( 

\ 


Quality of Instruction 












Science teaching budget 

• 


b 


-0.05 




0.03 




t 


-1.73 




0.81 


4 


Quantity of Instruction 






• 






Hours of science/week 


b 


U.02 




u.zu 






t 


0.23 




1 .28 




Homework . 


b 


-0.03 




0.02 






t 


-0.2,4 




0.12 




Class Environment 


b 


0.20 


0.20 


0.82 


0.82 




t 


5.04* 


5.13* 


15.93* 


16.12* 


Hone Environment 


b 


0.33 


0.33 


0.18 






t 


3.65* 


3.68* 


1.56 




Television Viewing 


b 


-0.13 


-0.13 


-0.07 




* 

t 


-3.16* 


-3.22* 


-1 .32 










0.74 






Gender 


b 


0.74 


0.28 






t 


3.90* 


3.88* 


1.12 




Race (white/non-white) 


b 


2.60 


2.56 


1.96 


2.02 


t * 


10.91* 


10.81* 


6.19* 


6.51* 


Multiple Correlation 




0.57 


0.57 


0.50 


0.49 



V 



* p<0.01 



4 u 



ERIC 



4* 



TABLE III 



Number of Items. Alpha Reliability (Where Appropriate), Mean, and Standard 
Oevlatlon for all Achievement Measures and Productivity Factors 
for 17-Year-01ds (N - 1,955) and 13-Year-Wds (N - 2,025) 
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v TABLE IV 



4 t0 



Comparison of Raw Regression Weight for Each Productivity Factor for 
Three Age Levels for Science Achievement and Science Attitude 
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